Objectives In the European Project on Genes in Hypertension (EPOGH) standardized epidemiological methods were used to determine complex phenotypes consisting of blood pressure (BP) in combination with other traits. In this report, we present the quality control of one of the BP phenotypes.
Hypertension (EPOGH) standardized epidemiological methods were used to determine complex phenotypes consisting of blood pressure (BP) in combination with other traits. In this report, we present the quality control of one of the BP phenotypes.
Methods In seven European countries eight different research groups recruited random samples of nuclear families. Trained observers measured the BP five times consecutively with the participants in the seated position at each of two separate home visits, 1 to 3 weeks apart, according to the guidelines of the British Hypertension Society. Quality assurance and quality control of this BP phenotype were implemented according to detailed instructions defined in the protocol of the EPOGH study.
Results On 31 August 2001, BP measurements of 2476 subjects were available for analysis. Fewer BP readings than the five planned per visit occurred in one of the eight centres, but only in 0.4% of the home visits. Across centres the relative frequency of identical consecutive readings for systolic or diastolic blood pressure varied from 0 to 6%. The occurrence of odd readings ranged from 0 to 0.1%. Of the 49 488 systolic and diastolic BP readings, 24.0% ended on a zero (expected 20%). In most EPOGH centres there was a progressive decline in the BP from the first to the second home visit. Overall, these decreases averaged 2.36 mmHg [95% confidence interval (CI): 1.98-2.74, P o 0.001] for systolic BP and 1.74 mmHg (95% CI: 1.46-2.02, P o 0.001) for diastolic BP.
Conclusions Quality assurance and control should be planned at the design stage of a project involving BP measurement and implemented from its very beginnings until the end. The procedures of quality assurance set up in the EPOGH study for the BP measurements resulted in a well-defined BP phenotype, which was consistent across centres. 
Introduction
Accurate measurement of the blood pressure phenotype is of paramount importance in studies on the genetic determination of hypertension [1] . In most studies in humans, the blood pressure phenotype is the mean of three to five readings obtained in a single occasion. A number of automated electronic devices have become available for blood pressure measurement under static or ambulatory conditions [2] [3] [4] . However, until now auscultatory blood pressure measurement using the Riva-Rocci/Korotkoff technique remains the standard in clinical and epidemiological research.
The European Project on Genes in Hypertension (EPOGH) involves eight centres in seven European countries. Its main objective is to identify genetic polymorphisms that are significantly associated with blood pressure as a continuous or dichotomous trait. In addition to ambulatory blood pressure monitoring and measurement of the clinic blood pressure, the blood pressure phenotype in the EPOGH study also consists of five consecutive blood pressure readings obtained with the subjects seated at each of two separate home visits. Intra-and inter-observer variability in blood pressure measurements may already be large in single-centre studies and may even further increase in large-scale epidemiological projects, involving multiple centres. In this article we present the initial progress of the EPOGH study together with the results of the quality control programme of the blood pressure phenotype measured at the participants' homes. Nuclear families had to include at least one parent and two siblings. The minimum age for participation was 10 years. Family members had to live within a distance of no more than approximately 10 km to make repeated home visits feasible.
Methods Fieldwork
Trained observers measured blood pressure with a standard mercury sphygmomanometer five times consecutively during each of two home visits. The guidelines of the British Society of Hypertension [5] were applied. Standard cuffs had a 12 Â 24 cm inflatable bladder, but, if upper arm circumference exceeded 31 cm, larger cuffs with 15 Â 35 cm bladder were used. After at least 10 min rest, five consecutive blood pressure readings were obtained in the sitting position with an interval of 30 to 60 s between readings. The cuff was deflated at approximately 2 mmHg per second, and systolic and phase V diastolic blood pressure were recorded to the nearest 2 mmHg. Each subject's conventional blood pressure was the mean of the 10 readings obtained at home.
Quality assurance procedures
Quality assurance refers to the procedures set up at all centres to ensure high quality blood pressure measurements throughout the project. London, 1990) . For each session a specific standard was computed which reflected the acoustic conditions under which the test had taken place, and which was computed by averaging the film readings of experienced senior clinical researchers. All readings from each observer had to be within 5 mmHg of the standard. If an observer failed to pass the test, she/he did not participate in blood pressure measurement until re-tested successfully at a later session. The intra-observer reproducibility was studied by comparing 10 pairs of identical video simulations of blood pressure measurements and was calculated as twice the standard deviation of the differences between duplicate readings. Moreover, the reproducibility coefficient was expressed as a percentage of the mean of the identical readings. Digit preference was not evaluated at the training sessions, but computed from the blood pressure measurements in study participants.
All observers involved in the study completed a questionnaire providing information on their gender, age, and qualification (paramedic, nurse, or medical doctor). In addition, in the same questionnaire, the observers provided information on the technical characteristics of the sphygmomanometers used for blood pressure measurement at subjects' homes (aneroid versus mercury; cuff size).
Quality control
The present analysis includes the blood pressure readings obtained at the participants' homes and made available to the Coordinating Office before 31 August 2001. From published guidelines [5, 6] and six previous studies [7] [8] [9] [10] [11] [12] we selected six criteria applicable to the design and the multicentre character of the EPOGH study:
1. In each participant, the blood pressure measurements were considered as complete if all five systolic and diastolic blood pressure readings at each of the two separate home visits were available in the database. 2. Five consecutive blood pressure readings obtained in a subject were considered as identical, if there was no single difference between any of the systolic or diastolic blood pressure values among the five readings. The frequency of consecutive five identical readings was determined.
3. The proportion of odd blood pressure readings with as terminal digit 1, 3, 5, 7, or 9 was determined for systolic and diastolic measurements separately. 4. Digit preference, i.e., the distribution of the last digits of all single systolic and diastolic blood pressure readings was monitored at three-monthly intervals throughout the EPOGH project. 5. To assess the consistency between centres, we evaluated the blood pressure changes from the first to the second home visit and across the ten readings obtained at the two home visits. 6. To investigate the pattern of variation between observers, the mean for each individual observer's blood pressure readings was computed and compared with the overall within-centre mean.
Statistical analysis
We used the SAS software package, version 6.12. (SAS Institute, Cary, North Carolina, USA) for database management and statistical analysis. Comparison of means and proportions were performed with the standard normal ztest and the w 2 -statistic, respectively. To assess intraobserver variability, Bland and Altman's technique [13] was applied. We used analysis of covariance to compare blood pressure measurements between observers with adjustment for sex, age, body mass index, antihypertensive treatment, smoking, alcohol intake, and the use of oral contraceptives. To compare trends in the consecutive blood pressure measurements between centres we used repeated measures analysis of variance and we determined the significance of the interaction terms between centre and the order of the blood pressure readings.
Results
Characteristics of the study population The 2476 participants included 1173 men (47.4%) and 605 hypertensive patients (24.4%) of whom 328 were on antihypertensive drug treatment ( Table 1 ). The subjects ranged in age from 10 to 84 years. Among the men, 32.5% (n ¼ 374) were current smokers, and 57.8% (n ¼ 661) reported intake of alcohol. In women, these proportions were 21.4% (n ¼ 273) and 36.1% (n ¼ 460), respectively. Among women, 20.0% (n ¼ 261) used oral contraceptives.
Characteristics of the observers
The number of observers employed per centre ranged from one to six ( Table 2 ). The observers' age ranged from 25 to 62 years. Most observers (84%) were female and/or medical doctors (77%). Two centres employed only nurses for measuring blood pressure during the study ( Table 2 ). The number of blood pressure readings per observer ranged from 60 to 4560. All centres used standard mercury sphygmomanometers and adjusted cuff size according to arm circumference. Table 3 summarizes the results of all training sessions by centre and gives for each centre the distribution of the differences between the observers' film readings and the standard (20 differences per observer during one training session) and the intra-observer reproducibility. Overall, 88% of the observers' systolic pressure readings were within 7 5 mmHg of the standard. For diastolic pressure this proportion was 87.4%. The repeatability coefficient across seven centres and 29 observers was 5.4% for systolic pressure and 6.4% for diastolic pressure.
Video test
Quality control according to six predefined criteria Fewer blood pressure readings than the five projected per visit occurred in one of the eight centres, but only in 0.4%. of the home visits (Table 4 ). The frequency of identical consecutive readings for systolic or diastolic blood pressure varied across the centres from 0 to 6%. The occurrence of odd readings which represented a deviation from the study protocol, ranged from 0 to 0.1%. Of 49 488 systolic and diastolic blood pressure readings, 24.0% ended on a zero (Fig. 1) . The difference with the expected frequency of 20% was statistically significant (w 2 ¼ 390.5; P o 0.001). Values are arithmetic means (SD), or number of subjects (%).
w Number of subjects with data available at the Coordinating Office. Among individual observers the proportion of blood pressure readings with a terminal zero ranged from 15.5 to 47.6% (Table 5 ). Five observers in three centres were found to record blood pressure values with a terminal zero in excess of 30% (47.6, 32.9, 31.8, 31.5 and 31.4%).
In most EPOGH centres there was a significant and progressive decline in the conventional blood pressure from the first to the second home visit (Fig. 2) . Across all centres, blood pressure decreased by 2.36 mmHg (95% confidence interval (CI): 1.98-2.74, P o 0.001) systolic and by 1.74 mmHg (95% CI: 1.46-2.02, P o 0.001) diastolic. However, as illustrated in Figure 3 , there were significant trend differences between the EPOGH centres in the blood pressure changes across the ten readings of systolic (F ¼ 5.32, P o 0.001) and diastolic blood pressure (F ¼ 3.71, P o 0.001). Moreover, the decline of blood pressure on repeat measurement depended on the level of pressure (Figs 2 and 3 ). For instance, in comparison with other EPOGH centres, we observed more prominent þ2.64 mmHg in Bucharest (Romania), and from À0.35 to þ0.22 mmHg in Novosibirsk (Russia). The significance of these systolic and diastolic deviations increased with the number of subjects examined by each observer, with the amount that an observer's readings deviated from the overall within-centre population mean, and with the total number of subjects per centre.
Discussion
The main objective of the EPOGH study was to investigate a well-standardized blood pressure phenotype in relation to genetic polymorphism. This report focuses on the quality assurance and quality control procedures, which were an essential and intricate part of the EPOGH protocol.
Accurate determination of the blood pressure levels in large-scale surveys or multicentre studies requires central coordination and the implementation of a standardized protocol. The measurement of blood pressure according to Riva-Rocci/Korotkoff technique [14] is dependent on the accurate transmission and interpretation of a signal (Korotkoff sound or pulse wave) from a subject via a device (the sphygmomanometer) to an observer [15, 16] .
The successful outcome of this complex interaction requires that the observer is competent in performing the technique of blood pressure measurement, that the subject is examined in basal and standardized conditions, that the equipment used for the measurement is well maintained and calibrated, and that the blood pressure readings are archived accurately. This procedure is fraught with sources of potential error, which may arise in the observer, the subject, the sphygmomanometer or in the overall application of the technique [4, 15, 17, 18] . The quality assurance and the quality control in our study focused on these potential sources of inaccuracy.
In our study, subjects were visited at home on two separate occasions and trained observers, either doctors or nurses, measured blood pressure in the relaxed home environment. This procedure of blood pressure measurement tends to increase the participation rate and has been validated in several epidemiological studies in Belgium. Blood pressure, measured this way, shows the expected associations with gender, age, body mass index, social class, and physical activity [19, 20] .
Our quality assurance programme was based on published guidelines [5, 6] . Its objective was to ensure high quality Mean systolic and diastolic blood pressure values at the first and second home visits. P values for the differences between the two visits are given.
blood pressure measurements throughout the whole project, in which eight different researches groups and 27 observers participated. Various training programmes have been developed to minimize observer error [5, 6, 21] , most of which use a film or a video showing a falling mercury column with Korotkoff sounds as the main component of training and quality assessment. The film allows quantifying inter-and intra-observer variability. In our study quality assurance was set up via repeated training sessions. The observers always received the results of their tests, so that they remained aware of their performance and were encouraged to improve their measurement technique.
In our quality control programme we used six criteria, because they reflect different problems that may occur during blood pressure measurement. Some of these items are conceived as qualitative rather than quantitative indicators of the accuracy of blood pressure measurement. The proportion of incomplete measurements is a strong indicator of validity problems in terms of population representativeness [7] . The occurrence of odd digits is likely to reflect forgetfulness of the protocol or a desire for extra accuracy by the observer [10] . It might also indicate a loss of accuracy. The frequency of identical blood pressure readings in series of repeated blood pressure readings might influence the overall shape of the blood pressure distribution and the prevalence of diagnostic categories based on blood pressure thresholds [10, 22] . It is well known from clinical and epidemiological studies [9, 15, 22] that repeated blood pressure measurements in the same subject are in most instances non-identical. The degree, to which the frequency of identical readings can be considered normal or at least acceptable, is not clearly defined. All eight EPOGH centres appeared to have complied well with these predefined quality criteria (Table 4 ).
Owing to habitation and regression to the mean, blood pressure usually falls when repeated measurements are obtained during a single visit or at consecutive visits over the course of a study. In all centres we noticed a progressive and significant decline in blood pressure when the readings were repeated by the observer at the subjects' homes. This observation underscores the need for multiple assessments of blood pressure over a time in order to avoid overdiagnosis of hypertension among individuals with high initial blood pressure values [2, 23] .
The maximal between-centre differences in blood pressure were 12.4 mmHg systolic and 6.1 mmHg diastolic (Prague centre versus Cracow centre). The maximal difference in pulse rate was between the Hechtel-Eksel and Sofia centres (9.2 beats per minute). These between-centre differences may be expected on the basis of random variability, small sample size (for instance, in Sofia and Prague), and inclusion of varying proportions of hypertensive subjects.
Another common manifestation of measurement error in epidemiological studies is digit preference for a terminal zero [9, 10, [24] [25] [26] . Because this means that the precision of the measurements is 10 mmHg instead of 2 mmHg, this may result in considerable bias. Digit preference affects the shape of the blood pressure distribution [24] and reduces the power of statistical tests thereby making it more difficult to assess associations between potential risk factors and blood pressure [10, 26] . In our report preference for a terminal zero was statistically significant, but of minor importance from a clinical point of view.
The present analysis not only focused on the centres as units of observation, but also included an evaluation of the performance of individual observers. Only a few studies [6, 8, 10, 21, 27] have reported data on inter-or intraobserver variability. In our study, we assessed inter-observer variability using the blood pressure readings of expert clinical observers as the standard. Overall, 88% of the observers' systolic pressure readings were within 7 5 mmHg of the standard. For diastolic pressure, this proportion was 87.4%. To assess intra-observer variability, we used Bland and Altman's technique. The repeatability coefficient across seven centres and 29 observers was 5.4% for systolic pressure and 6.4% for diastolic pressure. Higher repeatability coefficients indicate worse reproducibility. Furthermore, we also evaluated differences between observers, which could not be explained by confounding by gender, age, body mass index, antihypertensive treatment, use of oral contraceptives, smoking, and drinking habits. Differences between observers, over and beyond confounding, might be due to systematic error, prejudice for or against certain blood pressure values, the subjective and emotional interaction between subject and observer, the white-coat effect, and/or random variability [4, 8, 18] .
As opposed, for instance, to biochemical measurements, external quality control cannot be easily mounted for blood pressure readings. However, quality assurance and control should be planned at the design stage of a project involving BP measurement and implemented from its very beginnings until the end. In our opinion, the procedures of quality assurance and control set up for the blood pressure measurement in the frame of the EPOGH study resulted Mean systolic and diastolic differences between each observer's blood pressure (BP) readings and the overall within-centre population means. Values for each observer are point estimates with 95% confidence interval adjusted for sex, age, body mass index, antihypertensive treatment, smoking, alcohol intake, and the use of oral contraceptives. Along with the observer identification number, gender of the observer (< if male) and the number of subjects examined by each observer are presented.
in a well-defined blood pressure phenotype, which was consistent across centres.
Bulgaria (Sofia)
C Nachev, A Postadjian, E Prokopova, E Shipkovenska, K Vitljanova.
Czech Republic (Pilzen) J Filipovsky, V Svobodova, M Ticha.
Czech Republic (Prague)
O Beran, L Golán, T Grus, J Peleskã , Z Marecková (Hlubocká).
Italy (Padova)
E Casiglia, A Pizziol, V Tikhonoff.
Poland (Cracow)
M Cwynar, J Gąsowski, T Grodzicki, K Kawecka-Jaszcz, W Lubaszewski, A Olszanecka, K Stolarz, B Wizner W. Wojciechowska.
Romania (Bucharest)
S Babeanu, D Jianu, C Sandu, D State, M Udrea.
Russian Federation (Novosibirsk)
T Kuznetsova, S Malyutina, Y Nikitin, E Pello, M Voevoda. 
